ALGIN OLIGOSACCHARIDES AND THE DERIVATIVES THEREOF AS
WELL AS THE MANUFACTURE AND THE USE OF THE SAME Technical
Fleld The present invention relates to an alginate ollgosaccharlde and its
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is increasing with the growth of the population of the old. So the prophylaxis
TaMdisatepnt of these diseases become more and more critical. Current
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The invention is completed on the above basis.

Disclosure of Invention

To solve the above-describe problems and through deep studies of the inventors, it is
found that an alginate oligosaccharide with a molecular weight of 4,000 or less can be
obtained by acid hydrolysis at a high temperature and under a high pressure, and its
derivatives whose reduced terminal in position 1 is carboxyl radical can be prepared in the
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The present invention provides an alginate oligosaccharide and its

derivatives with a low molecular weight, or pharmaceutically-acceptable salts

thereof, and provides a process for preparing the same. The present
pieseentiofhoaldanprAihid es enmedicermptitéd othb pabpiydaxis and treatment of
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The present invention also relates to a process for preparing the said alginate
oligosaccharide and its derivatives, wherein an alginate solution is reacted for about 2 to 6 hrs
in an autoclave at pH 2-6 and a temperature of about 100-120°C; and its pH is then adjusted to
about 7. The oxidative degradation product is obtained by the addition of an oxidant to the
alginate oligosaccharide solution.

In a preferred embodiment of the invention, 0.5~5% sodium alginate aqueous solution is
heated for 4 hrs in an autoclave at pH 4 and a temperature of 110°C. After the reaction is
completed, the reactant is sucked out and cooled, and then the pH is adjusted to 7 by adding
NaOH solution. While stirring, the filtrate is slowly poured into industrial alcohol which is 4
times as the volume of the filtrate, and stayed overnight to allow precipitation. The precipitate
is filtered off with suction to dryness, and is dehydrated by washing with absolute ethanol. A
white filter cake is obtained and dried in an oven at 60°C to give a crude alginate
oligosaccharide. The crude alginate oligosaccharide is formulated to a 10% solution, and is
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is filtered off with suction to dryness, and is dehydrated by washing with
absolute ethanol. A white filter cake is obtained and dried in an oven at 60C

to give a crude alginate oligosaccharide. The crude alginate oligosaccharide
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current difficulty of lacking effective medicines for the prophylaxis and
Dessuiptiont dffdadvings diabetes, it is especially important that the alginate
olijesactharitie diithe prasentithentipmis okeckinclhedmamf@otgreooha present
invead wase@nbtar ihe ProjtisdBxisoanohtadatrmedhodrd®sand diabetes.
Desgariptiois aic MALITYSTIOFwieedinsnihe eiatingicusveigbihelalgiraiecording to the
pieligasacahiriide according to the present invention separated by a
Bipfag)-BGicaliemunatier agid hydiply sisidrigyraeisdthe MALRICT OF the alginate
o BRAGHWR QL thpplginsie dligasacshssidaaccording to the present invention.
F'ﬁi‘é‘iﬁeﬁ'& the einiing¢uive Rt the QrigRiMGIdeH adatianiBRIHE QI Be alginate
ol?égégééﬁarlde (Posotive mode).
Figure 5 shows the effect of the alginate oligosaccharide according to the present
invention on the latency of AD mice induced by APB;.40.
Figure 6 shows the effect of the alginate oligosaccharide according to the present
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oligosaccharide separated by a Bio-Gel-P6 column. Figure 4 is the

MALDI-TOF spectrum of the oxidative degradation product of the alginate

oligosaccharide (Posotive mode). Figure 5 shows the effect of the alginate
inghigosacc tizr ideoacuotding fa hewprasdntedivenfion. on the latency of AD mice
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AfigirlattedoligodavEharme 81erding to the present invention on the latency of
Abignied indhovedhsyelkeBal the naister witkidaivisdegiestateazaomigueé tha alginate
oligrasslthradefrecolithdahuressshioiidertiie dagizdswionnpneddistotehe’ AD mice
indigietbbe Afligo sastzharibl@laccordireg toithe present invention on the swimming
distgmeel 6KKDmMicesfiaciudatichyiiABRle4d tesiadywitbpMdninweadétionazie alginate
ol @i Hbi G awsr e effeitd plctast avdatienodORie dlivaidegraiatihe teuct elate
ot algiatduedippsagehaisiedacrpdingidoving present invention on the first
timeauiIiGiRe PaNalvRlR: BhARJBICSIDScRL Y AR AR dsIeT Mithiginate
olzg@&&matfer WREEEIGUIR DESHONS dheoRTRGhO TR bR IAL MRS plate
ofeBradatinmREadclof thesaloinatasligosageharide according o the present
N g%ﬁlt?o%lz;%% OhRsLeosRa BeRriaital 0 ;é%ﬁfafaﬁxﬁa hlga@am%hcsg% of
B e R iR i by
oligosaccharide according to the present invention on NIT cells impaired by
IAAP, Embodiments 1 Preparation of the alginate oligosaccharide 1 g

SO BBl mannanuronate (weight average molecular weight of 8,235 Da,

1 Brsprragon el theialeiue pligopprchBEidsy University of China) is added to

distHEPE P RIEBIANEYs QXL ﬁy%{aﬁﬁsfé&eépﬂafoW£l\§hfwﬁ%4?5|Q@earﬂ¥lded
byuhaatnothave. P& e Snieoael £ hnafteprdegdbimdisthiedpigole shiag a 1%
sclefjostadivsFhnithianhoith (gl plaged stizpinytogieyiltpstbagedaivly Ofodred thtdfter
canbingtthel wicdkolpkhichdigstetined with Ml daahtH&flitstitenandostaiyeld is slowly
povedrighintugrebipititel. Whichalcbtiolesrbeipitateds filherit oéf withssyetiondmight
todryaegssitarithésidehyldrataplitate is filtered off with suction to dryness, and is dehydrated
by washing with absolute ethanol. A white filter cake is obtained and dried in an oven at 60°C
to give a crude alginate oligosaccharide.

The crude alginate oligosaccharide is formulated to a 10% solution, and is precipitated
with 95% ethanol solution. The precipitate is washed with absolute ethanol, and formulated to
a 5% solution after drying. The solution is filtered through a 3um film to remove impurities,
and then desalted on a Bio-Gel-P6 column (1.6x180cm) with 0.2mol/L NHsHCO; as the
mobile phase and collected by multiply steps. The elute is measured by the sulfate-carbazole
method, and the components including sugars are collected, concentrated under a reduced
pressure and desalted on a G-10 column. The outer volume component is further separated by
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by washing with absolute ethanol. A white filter cake is obtained and dried in
an oven at 60C to give a crude alginate oligosaccharide. The crude alginate
oligosaccharide is formulated to a 10% solution, and is precipitated with 95%
a ethiarGtisbltiowlithe pfedifitate isndashathivittd abisolpte: ethapoieandd alginate
oligoranthted ¢ (FAH%9.solution after drying. The solution is filtered through a 3m
film to remove impurities, and then desalted on a Bio-Gel-P6 column
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calginaieoligrsacchades israhiaingd. Jhgteiusie fxidativelaagradatiqier volume
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a REERIIE WM RE% 81hRRRIBRIVIRR. Te precipitate is washed with

absolute ethanol, and formulated to a 5% solution after drying. The solution is
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The\sifuertPesblifosqCchanges ' ﬂ?%%m the
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analysis of above oligosaccharides.

3.1 Ultraviolet absorption spectrogram

The oligosaccharide fraction at about 292ml of the elute is diluted to an appropriate
concentration, and scanned at 190-400nm with UV-2102 UV-VIS spectrophotometer. It is
found that no specific absorption peak appears in the ultraviolet region, indicating that the
structure is void of conjugated double bonds. However, non-specific absorption peak appears
at 190~200nm. Thus, during desalting the oligosaccharide, it can be on-line detected in above
ultraviolet region.
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wherein, n represents 0 or an integer of 1 to 19. Hereinafter, the fraction at
about 292m1 of the elute (the fraction labeled as -'6" in Fig. 1, hereinafter
referred to as Component 6) is taken as an example to illustrate the structure
3.2dafysisdimistrenchigdssischarides. 3.1 Ultraviolet absorption spectrogram
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[NedHikylagcbube hyedoxyl graupsand nariMHHIic abid E§ENM Skeletonn3 & MBove
olanalysiamiiS Analysistis pettontae tbiviibab ik Lz X 1019pse MdaDhol Bkt asslecular
weictsameter (Bruker Daltonics Co.). As seen from the spectrum(Fig. 2, table
1), the peaigisié mMleYa%&sJ%ﬂﬂ% m@%g&&m@é%bﬂm&m@ak of m/z
1096.6 is [M+Na- ; the peak
of m/z 821 RiF{M- ManA CHZO M20 HJ ; m/z 704.3 |aoﬂgl‘g’2ManA H20-H]-';
m/z 634.4 ipM@NMENA-2(CH20)-CO-H]-'; the peak of 1048 536.5 is [M-2H12;
and the peakiai0/z 8574 is [M-3H]3-. In ESI-MS speatnegrof above
oligosacchaxidetfractionOineiecular ion peak is m/z 078.9, indicating that
its moleculaM-eeightH,00P4! Table 1 MS analysis of tH®alyinate
oligosacchéMaaMaorORBO)-E)ORIgment ions miz [Md3ka 1073.9
[M+Na-2H]' 1096. 6 [M-H20-CO-H]J-' 1028.0 [M-ManA-CH20-2H20-H f'
821.1 [M-AMaAL] ‘H20-H]-' 704.3 [M-2ManA-2(CH20)38E3Hf' 634.4
[M-2H]2- 5E88HN-3H]3 3574 3 4 Nuclear magnetic ré&bfiance
spectroscopy of the alginate oligosaccharide
3.4 Nuclear magnetic resonance spectroscopy of the alginate oligosaccharide
'H NMR and C NMR of the alginate oligosaccharide represented by formula (I) (n=4)
are obtained by JNM-ECP600 NMR spectrometer. The results are shown in table 2 and 3.

Table 2 "H-NMR analysis of the alginate oligosaccharide (Component 6)
Chemical shift (ppm)

H-1 H-2 H-3 H-4 H-5
ro 521 3.98 4.03 4.04 4.16
B 491 3.99 3.77 3.90 3.77
ma 4.69 4.03 3.75 3.93 3.69
m 3 4.64 4.03 3.75 3.65 3.69

n 4.63 3.74 3.63 3.75 4.01




'H NMR and '3C NMR of the alginate oligosaccharide represented by formula
(1) (n=4) are obtained by INM-ECP600 NMR spectrometer. The results are
shown in table 2 and 3. Table 2'H-NMR analysis of the alginate
oligosadehkridé (DOvip améysi6) (Tinertyral shifg¢ppnpiiid (Hethpb@i-@ H-5 T
a5.21 3.98 4.034.04 4.16 r 0 4.0hehR9I3NT 31Hn3.77 m a 4.69 4.03 3.75
3.933.69 m (3464 4.03 3¢5 3.658.69 n 468 3.743B$H3 3.715.4.01 6 Table
3 13C-NMR gnalysis of the algnate @lignsacrhayide (Gamponents)
Chemical shift (ppmy£-1 C78 £2-3 C74 £ir5 C78 282 9364570.06763402 78.37
72.60 175.84 r 083084 70.42681.60778.28 768087 175784H0om 99738470.63
71.43 78.0/m75.9007541 684¥0.15768148 72¢4%776.2/0.30.05 17AR227
Accrulingetalbove andlysisdRsults, # wepnfisnaeditial inenalgivRtesaccharide in
aigasasehatidRinaheyadacicRlsiaImy aricIRxasasehatfaaving the
following structure (la): 120 HO HOOC O HG;(la) OH 0 Oil © 01 OH HOOC

O HE 4 HQO . vy cqntent nnuronjezacid in the (13)
alginate | The gomp Oti n c)thhe
alginate ol [ \ftakr n R 1o

quantify the ratio of mannuronic acid to guluronic acid (M/G) in the alginate
ligosaccharide agcprding.to the. signal intensity. of. proton of anomeric .

33 BRRAGIENOR B e AARCHE BANRMBARNS b e DB M ecpaiae
a d%p(f%l Y0 Ing of I]—‘_DTA. The sample,is det rmin.e%%) Bruker :
DR SRR, Sl el °%?ﬁ*ﬁe°£.§8%1ﬁ§f§f}serel oA ihspepglution
FEDEMR A S B R 9 O AR B 5 pro BT RS L S YET ot ‘?ﬁé‘lgmate
oligarnacharitr Ay ithe xR JBESIIRY RTRLRR A FPGHBHE SRTBPBA3 The M8 of
drgd SRIRIIE NS ENAE: ISP ANGHAIs B Rerduiestapdear added 2B Amee26EDTA.
Thppaniple 11 deisighagg oF Mrekaidal Fr3UIMVAHY WS tsaprieindas spespuetivarported
atgl P&t . Holthsighalsesk GfBdickl appear £pB1 05 spemqido Dis@pERRaTe ¢aileivEe
sigomtesittofeNhizng tGisrepeesmplietisamioer dxprésgediogrthelihpirgsybeandicate that
Hinttengsitls, asMhedaidbwineae quétid mp % BG4 piim 66ex T00% i 6 4f-MA46dical jn
MM vehé g6, derpenesentsibaipdak uterfsily] eiprdssédindhal inppgiialaoiSthe ppm
(doablk peakr). The relativeccanient of Rrtnarinukericrpiictin trcespirrytd ISy their H-1
p&&.Oi(Sashy, thenabbevewmgtbadiidadicating that the alginate oligosaccharide is

mainly comp(}sed+9f mannuronic acid.

M% — 4.64 4.66 % 100%
14.64 + 14.66 + 15.05

wherein, I represents the peak intensity, expressed by the integral of the peak area.
The relative content of D-mannuronic acid in the sample is 98.07% by the above method,
indicating that the alginate oligosaccharide is mainly composed of mannuronic acid.

4 Structure identification of the oxidative degradation product of the alginate
oligosaccharide

The structure of the oligosaccharide oxidative degradation product in the fraction obtained
from the preparation of the oxidative degradation product of the alginate oligosaccharide is
identified. It is confirmed the oxidative degradation product is a derivative of the alginate
oligosaccharide composed of B-D-mannuronic acid linked by 1,4-glycosidic bonds, in which
the reduced terminal in position 1 is a carboxyl radical. The structural formula is:

HO HOOC 0
HO HO COOH (1D
OH O
OH 0 OH
HOOC (0) HO n HOOG OH



4 Structure identification of the oxidative degradation product of the alginate
oligosaccharide The structure of the oligosaccharide oxidative degradation
product in the fraction obtained from the preparation of the oxidative
dedrardationapregntt ©bthe alggeatd dligdSaccharide is identified. It is
candinpecithé axidhtvedegradatida pratuatis aldesivative ahtihesialgihéte above
oliligasacehiardel apradesadatbiPfddmannuronic acid linked by 1,4-glycosidic
bonds. in which the reduced terminal in position | is a carboxyl radical. The
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§%'181¥'8{11§/Ps g?(%flzfxgaeg‘ﬂt&gppropnate amount of oxidative degradation
rtal

product Is dilute n concentration with distilled water, and scanned
Shlry%z)u UV- 260 V spectrophotometer (190nmm700mm) at full
t

w nfrf'er eﬁtlrs“fg ﬁ'ﬁt no speC|f| abs on peak a ears [n ultravialet .
ol e i 3%?53? il ik Bebvchi e
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skeleton
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4.3 '"H-NMR analysis

'H-NMR and C-NMR spectrums of the oxidative degradation product are obtained by
Bruker Auance DPX-300 NMR spectrometer. As seen from "H-NMR spectrum, it is mainly
composed of the signals of six hydrogen atoms in B-D-mannuronic acid. After coupling
pattern of each signal is assigned, it is found that the oxidative degradation product of the
alginate oligosaccharide is mainly composed of mannuronic acid. If the reduced terminal in
position 1 is aldehyde group, chemical shifts of H-1 o and H-1 [3 should be 5.11 ppm and 4.81
ppm, respectively. Since the reduced terminal in position 1 of the alginate oligosaccharide is
oxidated to carboxyl group from aldehyde group, H-1 disappears, thus signals at 5.11 ppm
and 4.81 ppm disappear. As seen from “C-NMR spectrum, it is mainly composed of the
signals of six carbon atoms in -D-mannuronic acid. After coupling pattern of each signal is
assigned, it is found that the intermediate molecule is mainly composed of mannuronic acid.
Compared with the spectrum of the intermediate, the signal of the reduced terminal C-1 of
mannuronic acid (94 ppm) disappears. The signal of the reduced terminal C-1 (175.81 ppm) is
shifted towards low field. The reason is that the reduced terminal in position 1 of the alginate
oligosaccharide is oxidated to carboxyl group from aldehyde group and the chemical shift of
C-1 is changed from about 94 ppm of aldehyde group to 175.81 ppm of carboxyl group.



Bruker Auance DPX-300 NMR spectrometer. As seen from 1H-NMR

spectrum, it is mainly composed of the signals of six hydrogen atoms in

(3-D-mannuronic acid. After coupling pattern of each signal is assigned, it is
4 by sise oxidative degradation product of the alginate oligosaccharide
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175.81 pam (éfqﬁgwg@roup 9 4.4 MS analysis MS analygts is performed
with BIFMEX(HREAGMRYTOF mass spectrometer (Brukerg altonics Co.).
The respNissa@EsbpwirCBigNg] As seen from Fig. 4, the peak ©f m/z 1113.7
is [M+Nart'; the peak of m/z 1113.7 1s [M-O+Nal+"; the peak of m/z 1083.7 is
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compared with that of acid hydrolyzed alginate oligosaccharide (M=1075),

that is, an oxygen atom is added into the molecule, which can be considered
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thg%%ﬁ%ttﬁ&&%%ﬁd%f idhgalginateqligpsaqabasift i Jaimulr (1 1a): Hé

OC p I~~ HO COO
5.1 Effects of 6-mer on AD mice induced by AB;.4
Male Balb/c mice (18-22¢g, purchased from Laboratory Centre of Shandong University)

are weighed and randomly assigned to six groups as follows: a control group, a model group,
a low-concentration(15 mg/kg) 6-mer-treated group, a middle-concentration(30 mg/kg)
6-mer-treated group, a high-concentration(60 mg/kg) 6-mer-treated group, and a Huperzine
A-treated (HBY, with a concentration of 0.2mg/kg)group. The mice were oral administered
with corresponding drugs on day 3 after grouping. The drugs were administered once a day
consecutively with a dosage of 0.5ml/20g until the experiment is completed. The mice of
control and model groups were simultaneously administered with an equivalent amount of
normal saline..

alginate
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OH O OH O OH (lla) NaOOC O 110 4 Na000 OH 5 Evaluation of the
alginate oligosaccharide on Alzheimer's disease (AD) A 6-mer separated with
Bio-Gel-P6 column is used as an example to show its activity. So the
al@imate 8figtmacttradie islreiestadbasiteenar injdtedolivhvingeNferinmsnest the
véhitl & fecis Bfthe method Ak feaedrdhuceiHy ARi4b-MalleiB alb/A2 ik dBl&2gng
arpurabhiassd dedioitd abenaderynCantrecof Shaxidarg: Unidersity) tasehipeigheganghd
cdiRBED IR ASHINB IS BGIRURSasfOlNS) a560MEDI10KUP irltredal gD uRsdel.
AdowmopesniisHan thrma/ ke Gha elhieiRe: I Qutiridle. The results of acquisition
triRidlaeoRsBNVRLIN RRNHKe) SrnemmtieaiRd Gie¥mRe display a longer escape
1t G- ¢PRG BRI AIAN(6) ML e MG Healad I akPnBRd HRCZ MG ting that the
ABeaethtBY M&Blé}&%ﬁ%@@i HGRAED &WHékﬂs}Q{&&PQf tEQedﬁE‘iﬁc‘f‘é%Sdoe@a e
1a?e%w”§§‘i%ﬁ91e\é"ﬁba%°ﬁ&§ H‘CQISH Q&Q\é/bf% %} ‘(*J'}&EQM@JM%Q%%Q% mer
c?ﬁ?e eséQ'%'?é?re °P88 Gt ay o ec’c‘t 0 Sfac%? 3hce celnipared
W1 th o%r oés éCOrE)n e mlt?le QndCOHEE dadg goeléF aten v of
ultaneo aministere tivaten ﬁr?t horma fie . 'L
iy, aﬁser%er& L |s‘{V£ﬁB% ke & b sijgind
HEYeR %%e%uéi&@réﬁﬂ%&%é‘%ﬂ&%‘& F?&f@?@ﬁcéﬂfﬁ‘hﬁﬁﬁﬂfet g mgdel group
(Eahbid (1-42)-induced learning and memory deficits in mice: involvement
of oxidative burdens in the hippocampus and cerebral cortex. Behavioural
mﬁﬁd%@%%@ﬁ (aogmMsredsenop piaiRduice kiR i ddlelo igjedivath Mepris
ws elrutlon [ Psc%?d into the right cerebral ventricle. The results of acquisition
Morris water maze show that A(3-treated mice display a

frials tested
longérapcape atency (#<0.05, P<0.01), compsegek Witndhésgontrol and
model groups(ringdigating that tHet &P model micedatayestablished8kdgls).
Howgeyglo 0N the-1st day2of teg),hisgnoreasediescape skatencysis ghorengd
in aljglyug-treated grouns exogpshesgrgup treglesviity15ma/kg Qﬁ@W#
And the escape {atency,gf 605aa/kg fymer-tregied groyp has stafighica; s
S|gn|f|cance compared yith that ofithe gnodel grayip (P5P-05). Qnthe 1%{‘96
and 3rd day of test, the gsca @f aII r @| gro A
shorte §d wher§g1 thal‘%"ﬁ;c 60%% g%cgyer tre&{gq? érgu%andmgggg_%t&

A
UI#JU IMVL: LMLIQLI\JMI Jl IIIII\JMI I\J\qg Uul;glul L;U VVILII IITCAL VT LITC TTTUUCT H

(P2OYRY.. Tébﬁ%% EYFecfé’IBf(ézmé’r I escapetishcy of AD mice mduced by
API-40 tested with Morris water maze (x SE) Group Dose n Escape latency
(PR st A oprie s SR AL Cneriinal plats iromaovsd agihegipreentage
olgpgodioree Nl at 1he ghapevREig8aleRIE TVIYTBABSES rENed 1Bhg 4esults show
thgOno7d 0 The 832 5B 7 BRI 21BOMGOvef ARTye69 hanede 0onr@Rusp4P46.05),
a3l B600P 19026816210 5iithBR By PB.Ch¢HBYN DiRrbtion6eP 914 compared with
th6¥&BHhd h3&168088A-0018) lpslk.05, "p<0.01 vs control; *p<0.05 vs model On
the 4°h day of Morris water maze test, the original plate is removed and the
parggatageffects of 6-mer on the probe trial of AD mice induced by ABi.4 tested with

Morris water maze (x +SE)

Group Dose (mg/kg) n Latency bias(%)
Control - 12 29.48+5.47
Model — 14 11.83+3.33"
6-Mer 15 14 19.67£5.15
30 14 22.99+5.79
60 13 28.441+6.08"
HBY 0.2 14 22.18+5.93

#P<0.05vscontrol; *P<0.05 vs model

On the 25™ day after AB injection, mice are further trained for step-through passive
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of time of mice staying at the phase of original plate within 60 s is recorded.

The results show that mice in the model group exhibit much lower latency

bias than the control group (P<0.05), and the latency bias is elevated
agighificatitly. dfteththedd reidistration iof [Banedr iootmpdiedingtid ttratjofrtment of the
appadesgfaum(Bw<Q. n{tdleldark. chalyerimdnffeats tbé daver opdine priddde tiadcoéss
toAfRemiagk incmpadnmnd ka0 ttestacuvdatbniorts Waikr dnagerixedE )iGrawdpes an
inXespatleikaltio Litaney Mas(d0)3 CoNtwbnah2ZOshBfieds sivtpdat-fodr. The test is
sitll B3 P3tFo ArvEaler 12449 .61 . dardOtikAe 28£90RN ke Indd - Attt @8’ chtber
(Rp-thfbdh 18R} ARIMDRMMEAMR 13 mPenYSHBdelvanihe . #RENABYihe
d@ %Bwﬂwﬁ%g&bg}lgp&r&%@g&gﬂ&pd for step-through passive to

a"‘ﬁigf}@s‘iﬁtéws tﬁ{'?o Kp&R3GH MQUERLS RacGr GG IIHMINALY and 6. Each

%r %%81“ t aaﬁ?é e!@x%'é}ﬂa@ P%tﬁ%ggr{hl&&%pﬁ&ﬂsea hnt

OOI’ 1S O %ﬁln% %SS 0 t co;:npa ment

meorﬁ% en e el eS a Ir%%agg 2 IICFIIt ifference

YRRER S E Tlg e sta ntle ss %or‘@jﬁ sHaits ated group

ISS%PHHE?H ﬁ8§?ﬁé ?54&9 Shfﬁy‘l‘ﬁ%eé‘% SRR W&%ﬂﬁl o e
et H%H?éd e |ﬁ’d)lfﬁiﬁ%(ﬂ‘bw§ﬁ‘?ﬁa} ierrou

lafﬁﬂ‘ﬁ?(b‘ér tﬁ"é’%‘i'f‘i‘@%‘hﬁﬂ% ﬂ%%é[ﬂ?%@ﬁ’ib%‘?t?&@?& CridRAEAlst e%%@ 4y HBY- treated
iRt ety HeTHbST 106 B it - el ssideced oo kP -SraiRh soups.
infiates HialH 6: A chasgHeRiAURaEo8 Hirfiansiqand yampere iy dsamiag gad memory
agienS R frhe-Bydwad| moddans significant difference compared with the
control group (P<0.05). * means significant difference compared with the
Effetiedfour (hbOblainHdostemaibabinghicettan of HPAIIBIGceflOAPomieel group

is Blbriene théRsbadiby dnektheve racr dudnpiiercts (Norbaded (B<th0)napayedare
divsdbiébahatdhentanital gralipoisd watsig thaisugeetStutastallisfuiaaiirofoh Dor 1
héBICRIIQWeNsr Gie-BieNKITQUOAT FatRNayis signdicamthypriolaigaskibra aptbns
afOmgékaiRemarstigaias GeopRs RNAiiB Yrkkealeslogsniits and theiMBaH&s and
hiPshigusignif 'E?é?)%)/e{ﬁ%@?@'aﬁhé el angHABYsHEeAtaH B WPRNHQaEnY The
&5@5&%%@%6&%&%@%%{9%% AN SRRIPY R RRPUNG F I JOBTEBH-PX
NAGIVIR LA MQ inducaq Elfesls of gme o?“éﬁﬁlbrﬂ'rh&'&ﬁhﬁéﬁ'%'th
lsb'%S‘ %%%r%% :@ o %Cgfﬂé’*% Tjsﬁﬁﬁi'g}’r‘w&tt%? Qe b%?h tGR0 LA the

OI’IEX LS are % etcte onice
PR

resr%?rc?epv)cfafesl Su%% stJr (ﬁm eﬁn§ qum ree2| n |qU|d nitrogen for |
qﬁé{ (’?OD GSH- P>r((r, Na, K ATP se, AchE and CHAT activities in the
G paer onL S, é’&aﬁﬁ%"m’e &Béﬂlf\‘/‘e kits. The homogenates of
ceTF%%%AcTo?féwhal RippoeimSae s prepetedisorersdipteuiigrupamarith AB. as
CQuBPRIE ST A UID S AB58% T hd LstRye it Rt Wer e dheenied Ate the treatment
olcevnanagth BY-3smpphihw cieat Mpect i R sk aehopny kg k-nypadd1IBY
hyyeEtatatigatHAgndavRREbIh® activity of ChAT is determined with
isotope-labeled method. The other indexes and amount of total proteins are
teSoble withltents of Spwetive kitseuppliedrizy NafifingtGidn ohdfigBiodngihedringcee

T k)

Group Dose (mg/kg) ChAT activity (pmol /mg prot. /min)
Control — 92.17+2.95
Model — 77.26+4.9"
6-Mer 15 90.94+3.77
30 9998+5.07"
60 94.69+5.83"

HBY 0.2 100.70+5.99™
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(1) Effects of 6-mer on the ChAT activity of AD mice The ChAT activity in the
cerebral cortex is markedly decreased after treatment with A(3, as compared
to the control group (p<0.05). However, its activity is increased after the
treatri@nt IB-mer andrbIBYRvhereintheé surativeveffextdadf 30 mg/kg and
60mg/kg of 6-mer and HBY have a statistically significance (table 8). Table
8.(Bfiefrte bl énmsiram the soBhahéarimadhditeactivity of A(31.40-induced
ABnnigeD(AzidnxpErSaiay A dRsSinadsdt ainduht acily iyp(PEuOhigopsatistical ly
sibmidarfe@RrobmPairkidandemabt dbwbhOHctRiMes o8B 1cRA:89-88h in
ca@eBfal’ BARAHBY BiH3 cBpYsOZEPrE0RARENd HFrR07 VS 8608l TR ome/ke,

ingigaﬁin** tlﬁaftge%e\fﬁdﬁlg’lﬂ f @egftﬁ(é% SHEH méﬂ%@%[%}féﬁﬂ}ﬂ%%%l% of the
mﬂ&‘?dﬁﬁ%@ﬁ@ agg}élt(y)m brain is decreased after treatment with Aft but has

no statistically” significance as compared with the control group. Its activity is
significantly.increased baoth in bral cortex and hippocampus, after the
B SO B hE R AR Bt
Agffgahofi@darap ancARg oelated i) the improvement of the antioxidant activity
- ) 3 ) TQ aY il 2 AR E- I ' I a - a

53.4&m60b66.354.74—-Model - 49.9321841 63244.16 6-Merch3349.852.27
69.761@1.(;]&130 51.842.07 61.724.27 §7 +2.51 79.97+7 *+ 0.2
48.952.13 69.916.51 * P <0.05 v?r’?%c‘fe%5 ) Effects of 6-%%%40#‘%& MDA
conteft#TAD mice The MDA contéhdinthécerebral cortef%aidtigBocampus

has no significant diffgrence as campaseslwith the controkgroup 414§ content
is decreased in brain after the tre nt of HBY and 6-mer sage of 30
i %@ﬁ%é l{_igem have theggb%?ﬁg%

mg/kg and 60mg/kg, indicating th lity 't ﬁmprove

the resiibnse to oxidéfon and dam8ge of2fige radicals in bFaivl ane Protect

MDA conterit of the cerebral cortex and hippocampus of A(1140-induced AD

CISEAIRRl SRR (P Sep o (moum) certra

e MDA content 1n the cerebral cortex and hippocampus has no significant difference as

compared with the control group. Its content is decreased in brain after the treatment of HBY
and 6-mer at a dosage of 30 mg/kg and 60mg/kg, indicating that both of them have the ability
to improve the response to oxidation and damage of free radicals in brain and protect the brain
from oxidative damage(table 10).

Table 10. Effects of 6-mer on the MDA content of the cerebral cortex and hippocampus

of AB140-induced AD mice (n=10, x +SE)

Group Dose (mg/kg) cerebral coll\’t/Ig(A o (nmflig;li))campus
Control — 2614022 4.75+0.66
Model — 2.18+0.23 5.17+£0.47
6-mer 15 1.79+0.15 4.28+0.82

30 1.874+0.18 2.48+0.43"

60 1.47+0.117 2.18+0.43"
HBY 0.2 1.61+0.13" 2.26+0.39"

"P<0.05,"P<0.01 vs model

(4) Effects of 6-mer on the GSH-PX activity of AD mice
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Control - 2.610.22 4.750.66 Model - 2.180.23 5.170.47 6-mer 15 1.790.15
4.280.82 30 1.870.18 2.480.43** 60 1.470.1F 2.180.43W HBY 0.2 1.61 0.13
2.26+0.39** P < 0.05, "P < 0.01 vs model (4) Effects of 6-mer on the
GTit-BXrheivittiofitAD paiebral 20Tthe BEHpPoCcauhvits idecerstit alficortmgantA B
whippepinpusdsidecce asethaitentudagewf A Bippotasigniiicant. diffefenseaitaty is
indieasantiodgebrip éortippacampusimeen. 0f)-nks, achisiinishdneraased $ignificantly
dicrrefraficofiexrafterbh e ftieatinantObdpeikndrien i act\uhsmaideitisamyy
(PHfiersntafiesdhe traoeatRtdhe alginate oligosaccharide at a dosage of
60mg/kg and HBY (p < 0.05). The results are shown in table 11. Table 11.
Effecisiof §-maren the GRiRX agtivissiniie sareral LaHe% Rl cortex and
hippocampus of A(3i4o-induced AD mice (n=10, x SE) Group Dose GSH-PX
hl@lpdcamg)pmlf AB(mgﬂ@r@bt@bmmdrte}@hlpprEanus Control 7 811 20

co M?dﬁ]nd hippocampus is &gnﬁﬁ:ﬁﬁt ySQ:iecreased after t?e]aqtﬁﬁgﬁﬁwnh AO
as Ed¥fpared with!the control grddplifidieating that A R sidAficdnlly affected
the energy metab8fism of neurohs2r-briin. However, its adthity s> markedly
increased after thé4reatment of ¥7é élgl%thte ollgosaccharlééﬁhﬁt@;%e different
dosHBAs, whereindthe activity is $Rinificaditly increased aftér2he 609mg/kg

treatrpend.i5 higpogaiagius ag eorpared Wik BY, indicating that
improvement of the level of energy metabolism in brain may be one of the
me;*mﬂ%mmm algmﬁeaqliqesgmigamt?r&t% i@ functions and
af’ﬁhe“'?&aThRf eSHIE g AW RINJaBIgaL Zof @RGP HffRCLB LS -Thes gl y
dég?easgd e'? ﬁ%@tﬁ@ﬂ‘y WtflnA:B reegr@&ﬁ%}@&( {04 fiPpgsAm Hodp 1ndlcat1ng that A B

mgﬁpﬂg’a %ﬂ Cenrggbailiﬁjhgﬁlsgf) RIPHR 'RP%%P‘ ES‘%%Y%‘E“‘{%V m?lly is

B Cam [ ifferen
d(iseézgio r&nb %3%:[ acgﬂgg%%a:ged a 39“;@ ?Oé% hngatcrlnent 111
hippocampus as compare 1th 18-11 . indicafing that 1mpr0vement of the level of energy

metabolism in brain may be one of the mechanisms of the alginate oligosaccharide to protect
brain functions and anti-AD. The results are shown in table 12.

Table 12. Effects of 6-mer on the Na', K'-ATPase activity in cerebral cortex and hippocampus

of AB140-induced AD mice (n=10, x +SE)

Dose ATPase activity (umol Pi/mg prot. /hour )
Group -

(mg/kg) cerebral cortex hippocampus

Control — 1.06+0.05 2.65+0.38
Model — 0.89+0.06" 1.6240.17"
6-Mer 15 1.08+0.06" 2.10£0.29
30 1.09+0.08" 2.07+0.23

60 1.08+0.05" 2524025

HBY 0.2 0.9140.05 235+0.43

"P<0.05 vs control; P<0.05 vs model

5.2 Protective effects of 6-mer on neurons impaired by A in vitro
The primary cerebral cortex neurons of rat are cultured as the method of reference
(Banker GA, ef al., Rat hippocampal neurons in dispersed cell culture. Brain Res, 1977,

126:397-425). The cells cultured for 1 week are used in this experiment. That is to say, on the
13



HBY 0.2 0.910.05 2.350.43 P < 0.05 vs control; P < 0.05 vs model 5.2
Protective effects of 6-mer on neurons impaired by AP in vitro The primary
cerebral cortex neurons of rat are cultured as the method of reference
8't Ban ker @Is, &k atejrRatip ot asrnipabheurams ifi alis pé fepdrdéihad ionrentBraon of
0,R®50,107 11o/h2p 130 244R Sho [Tdve:d élis thellbdribfo o fl ageb K &g _ud@dthythésolved in
diexperimeat withad ivicesayi@ndhemginBtiliclayathd aeli ardpretaatedgsitized A
Bseriemeeaneantratio NG OiB-meai inal Leosesmiiation &f30 105000 ginl) ForC,
181 hriotovednoy dhe afditian Bfsage i 2a:35 A fibisiin rrSoh@dHB selistillgsht is
refRIRHWHD B GRNGENIAIP R afidanotmin theR¥eskabBY76n i B oI B8Ence)
is?8&HRd RigPis RARA $iQlied RbidRW. fPEEa&) Willy@)final concentration of 30
MnAJtﬁ)ruﬁé AR e Shigl0f %Efomtﬁeal&&ma%at%m@m DelRlinadded e

Eﬁé}gfo %ﬁlg}‘l@ﬁl (it §serc?£ﬂ8\{sﬁgrje ren gfr%%l% ﬁsasq%ﬁﬂmnﬂy
re ‘]{ %IBQA Jer aln{:g} éii%{l us d Mascss, ﬁ me at\g{osage of 10,
% H@a e b W B0Hi G éa Aua% SR GARpTT o o

ARl vt b the dele 8 %@rﬁ%éﬁtﬂf
resRgeiEd o 54,5 8. 9%(P<0 001) after the treatment of aged A025-35. 6-mer
at'BERHR SFAET BOLrHog AP GRS eséﬁﬂwqr%ﬂe%ggﬁér?é dgrfee :angrons.
Skhw%‘éﬁr‘édwmézeﬂséqruyl eb3erdedenddhitarame? (e upivediigisiaid h
copldaodupe a segiasngighangesaior Beunple sisamsscly fhe sells: Freyesdnmagmber of cells,
ognrotertiyef sffastsoondnealicomne sisigas DR SNssFugbah ¢hprimsnpheig ohshe cells is
reSite8 YSM Paivedndiith. BRIV ofspepeio oy 326-85efFibe A sinadeo it o GREBILS O a
d¢fage 8) forah8 hoQauitdl includeignsécies oirdtiangesndoroexacnplef dfmagextonple,
ththeccaltsnde dfiaagdensinibed o fceldscedcndrienaevof S omeiy awnehesells and
SUBRENBSIGNSP ISt heveiha Sunvivakraiadf dnateelibeissdgduaridp and increase
thé Ao AREL Sidind 200 YrikaENGLIEIYd Ehoviaveh the: altinaimeligosacehinsier on
AW &i@0sa06.0fvwithang, 100aRkcoud RigRificrtiminbiRihie ReVIRaXigiRyRhted
mRYE3 1TRE EXRIVPIRs NG ACAVHEMEE Pl BSPORSION GeliSJiefHRRA and Hfron cell
liRYrYivBLIRE I8 ANGEe el hRE- APPYE GxpPeriments revealed that 6-mer could

shorten the escape latency and increase the numbers of crossing the
or | plat gz hR; fl&e}& me O ﬁrrlvmg the original plate on AD mice

ﬁ" ré)\%{ng I'[S q ?VI #Ffi ov(?meﬂ) tjvity in

6
as we in vitr if\?é effe
539 T’a e el DO A Do my %a@O?h MRS cay
A S mE AL M‘ﬂld&ﬁ?%?ﬁé?“&ﬁ%ﬁs Ehdds *tﬁ/%ﬂ?w?ér%‘ﬂer for
24H*e féz 8 f&s‘?éf Breadiiiin e perdiitBer 1)1 roRessd ésoglrﬁlg%»fieéué\%?é“ h
aﬁﬁ&%a&@& ealiveiiedieitccted: dashatl erndidiged adii Yemmendring bafgd by 200
mbiekindlizeirg afe pretrt e idiwnvafisisd doreantratory (050 moB N yslone
Ce-metefothexglls F6siiogasyrpy ik dlet ditfomansBMCagdd A 325 888 (histshrassample
fréims St h@oSHASYAS: s sitBri@edatishaierdibesté d\footietiedShveishedd 8
1 e&hthifpodigleitl 1296. rplovanerinpelredeoentithiBOG Omindf EDipgime ofHemgsmp4 h
sipndjiahdmsigeickesd yptanesi€ milared bOAdddnA RN a sedHyelobeer@ad. peldestagéreof
hygeltippsel reasawed. by: ot eyitbsnetry(Bb, epetdiSylywith 8000 cells per
saupierthisdound thaind Hily 3Yeells stk gt antithadod agegtédid2&s3adtoy
reA8RIBNQVEAdaE of BYmbuiRosliRlpileells HRWaYShdeetiralsAe Bt IV qréidating
thd QREIAR| fLrBrasdios 2diRoNaRHiCARNY: PN EISESANARID SR I0dUEeL Pi@aRd by
Aﬁ‘(%%ﬁl%?e aRp thepharived tﬁg'fﬁﬁgfv@gﬁé&ftential of 6-mer in the treatment of AD.

6.2 Molecular mechanism of 6-mer on anti-neuron toxicity of A
(1)Effects of 6-mer on the fibril formation of AP; 4
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hypodiploid cells are 10.2 t 1.3% and 5.1 f 0.7%, respectively. Furthermore, it

is found that 6-mer also significantly arrests apoptotic cascade by reversing

overload of intracellular calcium ion and ROS accumulation, and by

uprestUgiings heubxeredsieroofBhlé2namdfthaioregttatimopthie eXpression e ml,
reflEStarl Casyacetd hcaddyinARtiall, theseifacided aohftibutsctadhetensity is
mibierape utiEpretsotial plGrraginthe treatment of AD. 6.2 Molecular

MeRH aRIAN HHe-Mer EmattRelvRBteritityf dR(MiF tactshedib et aiiietion
ofiRfil formation aARMR 4RIt AMBLAR ismsubaied st O &RREnce
intfiRahcangemratian o 19:-50325¢h H0gaMl3sresrectivelys atB6G0rédbttively),
reffIRARRURANQRNWI Brtds BPdeEAR HYABRREERRSITHSRSIY IS »OORIIEd @ TEM

“‘iﬁ %Qﬁ@“ﬁ#ﬁ% AR0RM: J ?ffc%ﬁHkﬁlﬁlhﬁlY"tﬁQ%“oﬁl%‘?ﬁq@l%ﬂ HPRBIS Hurther, it

p e f%;gvﬁ;%m& SRS
fam r%i;e"l 3§R ﬁodv D eded to‘% %I[ res% g?élb
res CI r§5m eH‘l uPs o(fnG o eeﬁ%r Fr &%% are”
Sta Wfé&&’nﬂ éf‘%a tﬁe‘é to
ingy ﬁtr8 ﬁcﬁﬂ ABusn FPATTS 180 Ifﬁ’ét é»sﬁo % Y5n Earﬁfu“ of
nmmf&%ﬁé\c&lah aeffsﬁﬂ?&rﬁéh%wscsbi\fr@m@ffg}&mt@a BiHh2 BEHTEShG P10

arpEiepAfENHRY, AFhaG Hbes the ressliiobiitetpitibn With A el e F8¢ SApergor
48R Ehehraathof Rl BEIRSHRAHANII Ura b M ne- Hepaiih 2uH:-mer for
48hows the result of incubation with a mixture of AP140 and 6-mer for 24h; D
shows the result of incubation with a mixture of API-40, heparin and 6-mer
foc22 Aiffeetshboverthemabeld stabibtityefisf, witfibAD1 40 alone for 48h; F shows
the egnilt «ff dizdllbdianciitbody ediXipy e of ded 1T  andrivdpafier folidiBh;iGexposed
toShanes the ekl ofiacubption wiihel mixtiueaafu Atfland GFRM IV 4800EX)
reRBdsHhshaws shaoiesiidefingiehtianuvwith Asnixttwaed Abkts 4Qehapasihandiays
(FRaMEA fOrn ARNpredbiciRetiRephnmerandarisestapiityefiM3 1 AN eItk 840dme
mefligiiles watatgsolweh4Edl- @ﬂﬁ)@&?&%@?ﬁﬁ% Z@eﬁé@BWﬁ@ﬁQﬂﬁ'ﬁFlg 10B).

NS%&% %’tﬁ@ SRESUr 3Ry For HESRMRIG 1§ &4 EQ Y¥iiB M@@%@ ARRIAB fibers
al*@n[ 419111299 ?arrg\/(ﬁ?lﬁbt«g@t( 3166 a ?n@s tglﬁg QIMANoH. ﬁfer 1S
c 51)% téﬁ‘ rgs )dels H?EZH{%S&%P&% 6-mer on

e(pa tq)n ?d d tal hI’on |st ers ecomeé much denser
PEn ong compare tgop ﬂw%nsle rmeera in the absence of heparin (Fig.10B).

tabl n the presence of 6-mer fqr an a dltlonal 3 days, the long and
%g GRS e Ont e M irtbgular short s -
éHﬁ‘fH?n 5&9 d¥he: dapiy iQ” %?am%fééwéﬁ?& f@%{é OmM
THbri Omhi e deStaifith §latfiol Bt B hds W%ﬁ%&%@dnhmfaﬁeet
S%ﬂﬁ’é%teﬁw&u tﬁ@%bbﬁlmﬂ?ﬁeﬁ%ﬁ%ﬁo‘(g)eﬂﬁéé@ of eoanerSHEnAB 140 to 6-mer
(1eoneordtoh2of pRrvert BB Bskeat So(nzoon FInS €O Hyaysan) bepaomeigiafieantly
aca¢Biratg (RSOWNPINAIPRE (CROOHIN toThishGOaivENeECFipHIBA)) incubated at
37Cfor 12 h is mainly characterized by R-sheet secondary structure
(Fignkéynclioe Bendéareoes axpagure of monomeric API-40 to 6-mer
(19°R)/redhidiarud 2 B preve xislihpsDasBeettaymatiad (5ighdticE)izbl dweaneraction of
chepaiit AgndicRRi Reealerpigsdthe contewnatonal Irapsitdnta(3=sheeiBS EP
bSR#CiURioN(9.0 L MHEAHSteractipndatwesn, GmehRbR ALD SRR ASCH0INSI% T
wiBHROEHK7 WPRsdla Snedelishdsrddswhpreiaizadne iteRetinotd sensor
chip. The flow rate is 5 pl/min, and the injection volume is 10 pl. The binding sensorgramm is
recorded and the sensor chip is regenerated with 2M NaCl.
It is found that different degrees of aged APi-40 all can bind to 6-mer. The binding affinity
is weakest for fresh APi4 and 6-mer with a Kp value of 6.85E-07 M. The binding affinity
increases with aged degree (Kp values are 1.07E-07,9.06E-08,5.43E-08,2.15E-08,1.45E-08 M,

15



6-mer and A(3. Different degree of aged A(31.40 (aged for 0.0.5,1,2.4,6d at
37,C) in FIBS EP buffer solution(0.01 MHEPES, 150 mmol/L NaC1. 3.4
mmol/L EDTA-Na2, 0.005vol% T ween-20, pH 7.4) with 5 concentrations are
refipevdethno eigrh bikve 16emmramipdbbilibddlasien sgngcfoip? The. flow rate is 5 I/min,
ariitiher isjeditio nevedurhe i6-8r] birde tvinbéniylséngaigagninrois:hr éfiorsleldyard and
bithiR &eASY chipigicperemiers witie BMdMa Gl dtisefovindfibat dferieht cegrtatd
tooitagaRivdrdtQmliean e &mep. The binding affinitinds wigakest foyfresint
cMB3AQ e SaRabithoa APrvalue of 6.85E-07 M. The binding affinity
IngIRASSS Wilh R AR0TRE (KD MBIMESaR Bechanisms are aftributed to the fact that
6B BB - 91065 Q§e5'\%§cﬁeoﬁl?nﬂl§§1%§e[ ﬂﬁ)%egs Md Jp%r’fﬁsﬁpﬁ 'V(ﬁg\és)s’eﬁ{ﬁqje the
M&magmﬂeﬂ&%%eeﬁ&fc%'ﬁatfenzefi%xﬁn u«;@ﬁnﬁ (Bsdaveal %aﬁ
RIS LA &hm@am il AILAESIR AR
fug e tra 2t8 L mer with res 3 mignt
pm‘“?rﬁa ifed 10 | %?B

contributed sin lon on ﬁgrl ogeneS|s of Ap. The binding of 6-mer with
%,%‘ﬁy émght contrlbutes to the destability of A(3 fibril. The above studies
7re ALE &8 diaheles Mathisms are attributed to the fact that 6-mer
7 B&FPFﬁﬁ‘d@r"tﬁ‘é%ﬂS@ H6HRG fﬁ?BFo‘b“é% Kd"pRiEddo %‘é‘éé’é?ﬁﬁf’e the
ERGIHEI NS TP EETEselk it ds it Berhat Rt e gdtm Apgtaining
1@&%%8&&%5@1&%% l%@%@fi%fﬁpp?@m%m@fshaltﬁeﬁkye i Xclenda%JﬁfwBr The
dxpltgfHlairdbRIeSaRecra 6 ofithaapiitioreesl & ipeyp sfraeplfingt eqacentration
ofireatiherl. oflRDugmEdy dfchmistlowadidhyeths addidels 7f agerbtantivie eifbotsfinal
cafceatrrgionrn Hanerieatititee tiB dels Itipaited soy amalydinthe vithe Fhadasurminby MTT
mptadreatic beta-cells cell line NIT is cultured with DMEM medium containing
10%e FBSLtST ke cetlgasentiac ubaiie dedeintotB6 swvelivpthteddndedsity of x4 in a
derlisépealiedihaadry @iien platnag, dhey ase puatreatethyidatyaryiegvn as mean+ SE.
#EOR&ARIERIIRNSPUTeNETCHibahpaRASRINALRN coAEb] 180 BpL00 DYAMEh§oF 24nBans
stholuiedipgtheAddiiar-ofaaethambim wdta iRab ¢eacentaligredBP Mhe data
sudfied A8 ahd Has 6&?&&%%%%9& t&%ﬁﬂ%@%@ﬁé@iﬁ%ﬁ%ﬂ imethesh The
results show that 6-mer could increase the survived cells impaired by arnylin
7] wff&?ésf%nsmmmwcmd.ﬁh&@&%ﬂfﬁgapt&%%o@lﬂqmﬁnT ,data
s SURWR,43 'ﬂ?ﬁ”%%r DS asfcy) MRS W Ae model,
5 ?9 roug 6 -Tier- eaﬁe én ﬁ%{ns Sta[ IS rga(l:t%dc Om!%g? re[gle nglce are
ected 1n ra enton pl 'gé Kg:d %Z exce contro a Su%g en the
as protective e panc S
e B ashé %e%e%ﬁ?eg HhEd by %%Bﬂ[? %ﬁ g ©
extagl, Hogtd 4, ﬁ%lze {eibhebla 2?&)“8‘?&9%%?6%@ GSFOCBSH‘?Péﬁauon The
C%?f@glatl%lﬁ!%chfﬁ)%b W@%@}uﬁ&f@%g@m@m than that in the model group,
ingdigatifigy et trpatibasrbistarryiis gHsctTRB %T%é%eﬁq%{eac imiesgEbis ey
with 150mg/kg STZ except control group at the 1st day. Then the mice are
givélhléedérdiffg@s diugmennsdautilasly shrcos dayecaindieyebairbaiie wickenduced
0 e xtract blood on the 11th day. The blood is taken to measure the
X ucoge concentration. The concentration in each 6-mer-treated group is
S|gn|f|cantly lower than that | |n the model group.. indicatBigdbatfzoser has
therapeutic@fé@pts on STZ ed Highetiomitge:(table é¢@)cehabted 3. Effects
of 6-mer on the blood glucgs% c‘%ncentratlon of diabetic micagntluced by STZ

(x SD) DoseoBiadd glucose — 10 150.6+36.8
Model — 10 312.4+89 2%
6-mer 50 10 219.44+67.8"

150 10 179.6+69.8"
450 10 162.5+3"

Dimethyldiguanide 5 10 201.64+58.9"
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Group (mg/kg) Number of mice concentration (mg/dL ) Control - 10
150.636.8 Model - 10 312.489.2"~ 6-mer 50 10 219.467.8 150 10
179.6+69.8' 450 10 162.5 3 Dimethyldiguanide 5 10 201.658.9*" 16 P <
0.05 vs contrdl’ PR @ @505 conteol.01 /B madel TipeGame expatinents are
conducted with 2-mer to 22-mer alone or their mixture or the oxidative
degrastatio oxpeociucts thewealidhel reatltsase winilatidoatba of Giraniture or the
otiigadeldhreiapeienibalastivieon M andidiabetesilhigurestlss te-hersbondicate
thfiejeanaxiouahvisui 3\ Df dhe d sy erRlpxidative dagradalipmanoducts ok thehe
mNginRate @%@ﬁﬁ@h%@@ﬁl@ﬂ ARdniee o iNA CRdi PnABARaRISFI 8 tOPIRIN - mice
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the ox atl egra a UCtS osac arl e

ohl%osacc esle SIgniic thil xé 1m g and Iln-Bg % f
picnd ?&&da e Pl By éﬂgg i S i
th§| e Q) @8@%?68%%%@@&%%&% ﬁ‘@&c .H@Hﬁlﬁ' r%éﬁéa( ylin).
PRI EURAGrolH 1AL BaRFENSITHaMata a8 pfBearrhy bs” S tor

Stﬁ‘ié’é??élﬂlffFﬁ’él%%/r‘EfBBﬂ’%ﬁ Mﬁaé%@%%wmlﬁbﬁ%%k eeﬁln st Withi4pg for
statbiiteal PGS <ODRITENYithaAg Mmodeh sHoRsY (Bf&t%%d&i%@ﬂféréf Redldarffpyarethat
the/ithixhisarrdddegesidet{pxd@sdaaononiodrits @dtihreviasiaiaeligosanshaunesohas a
sighelioxid atirerdogradativatiipecdigctooflitietaiginate oligosaccharides has a
significant preventive and curative effect on diabetes. 8 Statistic analysis. The
8 Qaidssikeantadfidtically analyzed using software Statview expressed as mean
SErndhtgarepared bylanalysisohisagaoae ANDWA Bapedsen ihenaiovSE and
cdepUitsl bihaahasreacaulieal aoropasition containing an effective amount of
the alginate oligosaccharides and pharmaceutically-acceptable carriers can
bEBJs’é@p@r{eﬁileTﬁ%v%a'ﬁéﬁmé”ﬁéc%m&ﬁmﬁp%&%dﬁ%ﬁd%&ﬁd’hﬁ[@yl(ﬂ'deﬁ%cnve
2B FIREUS fOHO Gl &ym@@fagsam'sﬁmx&%%gl%éma&&%fw BY can be
pilRO e A e Alaes e AR ARCRIA G AR BIETEOLIRVAIOR Bt
infiB R te%rat%/r? V§§ éﬁl@f Hapfll ﬂ%&%ﬁ%’oﬁﬁ?@}’ o ”ﬂlérg HL?J‘% 6“%% de

a cor resen entlon gaglnate a” e re e IprLHDE#IlaXls
‘tl erel

Fit er|v afrmaceutlcg accep fe ga‘ff’s
an treal
algina e o |gosac ar| e’is composed of R-D-mannuronic aC|d linked by

a-1,4 glycosidic bonds: HO HOOC O HO-(I) HOOHOOHOA
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OOCOHO OOH 0/1nHOOC O wherein, n represents 0 or an integer of 1
to 19. 2. The alginate oligosaccharide or its derivatives or
pharmaceutically-acceptable salts thereof according to claim 1,
We clgii@racterized in that the reduced terminal in position | of the said alginate
1. OAgpsAgchadde desvalivaiRicaprddiadicab@s eheMim bY the followiRgivatives or
pharmRERtal}- HRPRAE @ I HQ RO H &R QidoQHARRHOQMmposed
of B-DAHG G YieTGReA BSRISSEYS QelartBiRaer of | to 19. 3. The alginate

oligosaccharide or its gerivatives or pharmaceutically-acceptable salts
th&regiaccording tgglpim H¥Macacteriz&d in fhat n is2ta 12, preferably 4to
8. 4/A process fogpreRarinythe alginate aliggsAcchayie or its-degrivafivas or
pberfhaceuteeacce p le Drding/Jo-ef hetifocess
comprising the foIIOW| g steps an alglnate addous sBARfon is rexeted for
whebaiot 2 tepéchestihber antovksss af ptb2% and a temperature of about
2. 106 1290 tandlpdsacabijuste dbtoibdativadites the rhactodststappedcptible salts
thereoprmcosdiagcordingtd cleimrattatarddteizedie tiedtited saichialginatedsisodiunof the
said adi¢nnatecdind ysatiaddordetivativides theroonyliticlichHid ahewil F. hel Hellowing
formuRracess according to claim 4, characterized in that after adjusting pH to about
7, alcohol is added torgive a precipitate; the precipitate is filtered off with
o  SUCToR, dehydratef\ firieg it desaltet\ 7. The proeess-according to glan (1D
4, ehagacterizgd iff thaiafteNthe algirgite solutigh, regetingfor abeut2 to 6
Sdd@En autoekale at |ph-2-6\aed te mMpeiqrg o —..uo & an
oxidant is added and acted for 15 min to 2 rs at a temperature ¢t

Wh]epgnl%or%rgsémg(pgqgﬁs&pe%@@qgu;ol glaim 7, characterized in that the said
r}?‘%eﬁ% r%aE‘XQJR’%‘Q% ac;}dl[g a&éggggvgéogplgh%r%}a%m&% rgcg&oj ‘?]le salts

HO

rmaceutical compasition containing-an effective
thereo} C‘C%lrte 1% & aim%’e OI&I %%earl a%’ {:s a(j:ji g}rd?nf‘ his a}f\eytl%\){ elfl (%?C%J im 1 to
3 an%r armac Iczg’lfl %;%dr fers, F0 Y e Pharmacetrt ca?ferw‘jltlves or
pharm&S?HBS OAKER clt EfEPX lrlé%ztgdollﬁlfﬁaf’tﬁ © BBRSOLifigmgising the

following steRSselected from the group conS|st|ng of a medicament for the

an 318EAE-3G8 o1 fiRltiears dpaatadiphabe didelost hahin fhy BiteeiaNFotetiBrfsand a
temperaipraf FhAmiItd0d Adictilent for the prophylaxis and treatment of
pHiapaddastan ielabawhyicitioptbreinadiinnssetanngdinhibitor and a fibrils
5. dibagyegatiragprafingtelo THim 4, characterized in that the said alginate is sodium
alginate and reacted for 4 hrs under the condition of pH 4 and 110°C.

6. The process according to claim 4, characterized in that after adjusting pH to about 7,
alcohol is added to give a precipitate; the precipitate is filtered off with suction, dehydrated,
dried and desalted.

7. The process according to claim 4, characterized in that after the alginate solution
reacting for about 2 to 6 hrs in an autoclave at pH 2-6 and a temperature of about 100-120°C,
an oxidant is added and reacted for 15 min to 2 hrs at a temperature of 100-120°C.

8. The process according to claim 7, characterized in that the said oxidant is copper
hydroxide and reacted for 30 min at a temperature of 100°C.

9. A pharmaceutical composition containing an effective amount of the alginate
oligosaccharide or its derivatives according to any one of claim 1 to 3, and
pharmaceuticall y-acceptable carriers.

10. The pharmaceutical composition according to claim 9, characterized in that the
composition is any one selected from the group consisting of a medicament for the
prophylaxis and treatment of Alzheimer’s disease, an amyloid-B protein fibrils forming
inhibitor, a medicament for the prophylaxis and treatment of diabetes, an islet amyloid protein
fibrils forming inhibitor and a fibrils disaggregating promoter.
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